Principal Objective
The goal of this project is to develop protocol for the on-site analysis of trace volatile organic compounds in groundwater samples using gas chromatography-mass spectrometry (GC/MS). The developmental phase includes: 
Background Information
The Savannah River Site (SRS) contains several locations in which the groundwater has become contaminated by volatile organic compounds (VOCs), primarily trichloroethylene and tetrachloroethylene, which were used as degreasing solvents in the past (1,2). Many VOCs are toxic and some are considered to be carcinogenic, mutagenic, and teratogenic (3).
Furthermore, of the 129 EPA priority pollutants designated for limitation or prevention of introduction into water, 31 of these are VOCs.
The VOC contamination at the Savannah River Site has created large underground plumes that migrate fairly rapidly in both the vertical and lateral directions.
Groundwater flow at the site is controlled by hydrological boundaries and is directed towards local tributaries, the Savannah River, or one of its major tributaries. Monitoring of the groundwater is performed for the following reasons These screen zones are placed in the ground at different depths in order to monitor the ground water in different aquifers. Currently, there are about 1500 of these wells at the Savannah River Site (6).
Experimental Design and Approach
The analysis of volatile organic compounds in grounclaater samples will be performed using a gas chromatograph coupled to a mass spectrometer. The gas chromatograph is necessary to separate the sample into its individual components while the mass spectrometer will be used for quantitation and identification of these components. One advantage of using the mass spectrometer as a detector is that the quantitation of an analyte is possible without completely resolving it from the other sample components. Therefore, depending on the complexity of the sample, it may be possible to trade chromatographic resolution for analysis time.
Identification and quantitation of the volatile organic compounds in the groundwater samples will follow the procedure of EPA Method 8260A (7). Basically, this method involves purging the VOCs from a groundwater sample and trapping them on a sorbent column through the use of a purge-and-trap method. The VOCs are then thermally desorbed from the sorbent column and introduced into the capillary column of the GC.
identification and quantitation are obtained by mass spectrometry.
Component

Accomplishments of the Past Year
Installation. The first significant achievement of the project was the installation of two new GCMS units. Initially, attention was focused on preparations required to insure the installation process went smoothly. These preparations included the removal of items that had previously been stored in the lab, installation of special electrical outlets, acquisition of necessary permits and approvals for the use of compressed helium and liquid nitrogen, and the purchase of any items required for the installation or operation of the new equipment (i.e., Swagelok fittings, tools, copper tubing, surge protectors, vials, syringes, standards, etc.).
The instruments arrived in mid-December and were installed (with no major problems) by the vendor in early January. Training on the operation of the instruments was provided by the vendor during a one-week session in late January followed by a subsequent one-week session in late March. Time in between the two training sessions was spent reading the instrument manuals and gaining experience with the instruments through a hands-on approach.
Method Development. Although VOC analysis will be performed using EPA Method 8260A, this does not eliminate the need for method development. Guidelines for performing the analysis are provided by the Method, but specific instrumental settings are not always given. Furthermore, each laboratory must determine the best way to meet the various method criteria (preparation of standards, analyte recoveries, quality assurance checks, etc.) as well as address those issues not covered by the Method including quantitation range, sample carry-over, and stability of standards.
Method development commenced subsequent to installation, but was often delayed due to instrumental problems. These problems were corrected and the method development phase now appears to be nearing completion. Additional work may be necessary, however, if it is determined that EPA criteria are not being met by current procedures.
During the developmental work, many factors were taken into consideration. Among these were instrumental figures of merit (sensitivity, accuracy, precision, etc.), human factors (potential health hazards and complexity of operation), and financial factors (overhead cost, amount of analyst's time dedicated to the analysis, sample throughput, etc.). Every effort was made to maximize instrument performance while minimizing health hazards and costs.
Associated Responsibilities.
Although the focus of the project is the implementation of instrumentation and procedures which will permit the on-site analysis of VOCs in groundwater samples, there are other issues that also must be considered if the project is to be successful both now and in the future. Those issues which have been addressed are listed below.
0
An instrument service contract is being initiated to permit annual maintenance, technical support, and minimal downtime.
Uninterruptible power supplies are being purchased to prevent equipment damage and loss of data as a result of power surges, brownouts, or brief power outages.
Backup copies of original floppy disks as well as tape backups of hard disks are being made to insure that programs can be restored with minimal reconfiguration required to resume normal operating conditions. Future work will continue to focus on the implementation of protocol for the on-site analysis of VOCs in groundwater samples. Procedures will be written which will permit SRS analysts to run the instruments and perform the required analyses. Training of both analysts and technical people will occur so that the VOC analysis program can continue successfully into the future. Finally, steps will be taken to initiate and achieve laboratory certification from the South Carolina Department of Health and Environmental Control.
Opportunities also exist in areas related to the current project, although these are not clearly defined and the likelihood of pursuing any particular opportunity will be directly influenced by its value to SRS. 
Relevance to Savannah River Site
The Savannah River Site has approximately 1500 monitoring wells from which approximately 10,000 groundwater samples are obtained annually (6) . Of these samples, about 5000 are analyzed for volatile organic compounds, all at off-site laboratories. The development of an on-site VOC analysis protocol would reduce expenses by at least $200,000
per year while trace metal analysis would save an additional $600,000. Furthermore, such procedures would allow samples to be split between on-and off-site laboratories, thus providing additional quality control measures for off-site analyses.
